, it is 52 mm/yr, N10øE. Furthermore, because the shape of the plate boundary is arcuate, the nature of relative plate motion changes markedly along its strike. At the longitude of central Java the strike of the subduction zone is nearly orthogonal to the direction of relative plate motion, so any component of strike-slip motion need not be large [McCaffrey, 1991] . At the latitudes of Sumatra, however, the strike-slip component of relative plate motion must be significant because the direction of relative plate motion is substantially oblique to the strike of the subduction zone.
Fitch [1972] suggested that the right-lateral component of this oblique convergence is the cause for the right-lateral The paucity of detailed maps of the fault, the scarcity of data on historical large earthquakes, and the lack of reliable estimates of slip rates are unfortunate. They seriously hamper attempts to forecast the seismic productivity of the fault and efforts to understand quantitatively its role in the oblique convergence of the Sumatran plate boundary.
Our first task in this study, then, has been to construct a modem map of the active components of the Sumatran fault.
To be of use in seismic hazard assessment and in understanding the neotectonic role of the fault, the scale of the map needed to be large enough to clearly discriminate major fault strands and the discontinuities and changes in strike between strands.
Our second task, which will be described in a future paper, will be to determine the slip rate of the fault at several localities to determine whether or not the actual slip rates conform to current kinematic models. Such rates would also serve as a long-term average for the interpretation of geodetic data from Global Positioning System (GPS) networks that now span the fault [Genrich et al., this issue] and historical triangulation data [?rawirodirdjo et al., this issue].
A Modern Map of the Fault
To map the Sumatran fault efficiently and reliably, we have relied primarily upon its geomorphic expression. Geomorphic expression is especially reliable for mapping high slip rate faults, where tectonic landforms commonly develop and are maintained at rates that exceed local rates of erosion or burial [Yeats et al., 1997, Chapter 8] .
Examples of geomorphologically based regional maps of active faults include active fault maps of Japan, Turkey, China, Tibet, and Mongolia [Research Group for Active Faults, 1980; Saroglu et al., 1992; Tapponnier and Molnar, 1977] as well as most maps of submarine active faults.
Admittedly, the geomorphic expression of active faults with slip rates that are lower than or nearly equal to local rates of erosion or burial is likely to be obscure. This is especially likely if the faults are short, have small cumulative offset, or have no component of vertical motion. Because of our reliance on geomorphic expression, our map of the Sumarran fault undoubtedly excludes many short, low-rate active fault strands.
Resources and Methods
The Our mapping of the Sumatran fault is based primarily upon inspection of l:50,000-scale topographic maps and l:100,000scale aerial photographs. Where these were not available or were of unsuitable quality, we utilized l:250,000-scale geologic maps and radar imagery. Figure 2 displays the coverage of materials that we used. Figure 3 displays representative stereographic pairs of the 1:100,000-scale aerial photographs. These photos display the fault at about 0.3øS, where it offsets stream channels that are deeply incised into a thick pyroclastic flow deposit. After interpreting these and other stereopairs, we compiled our interpretations onto l:50,000-scale topographic maps (or l:250,000-scale topographic maps, where the larger-scale maps were unavailable). Where stereographic aerial photographs were unavailable, we interpreted active fault geometry and sense of slip directly from the l:50,000-scale topographic maps. These data were then digitized and attributed, using the Geographic Information System (GIS) software, Arc/Info. The resulting G1S database includes fault geometry, sense of fault slip, and photo centers. Plate 1, constructed from the database, depicts all of the salient features of the Sumarran plate boundary that we mapped and compiled.
Geometry of the Fault
The overall shape of the Sumarran fault across Sumatra is sinusoidal (Figure 1) . The northern half of the fault is gently concave to the southwest, whereas the southern half of the fault is concave to the northeast.
Over the 1650-kin subaerially exposed length of the fault, the "amplitude" of the sinusoidal trace is -55 km.
Ornamenting the broad, sinusoidal shape of the Sumatran fault are numerous smaller irregularities. Though smaller, these have dimensions of the order of tens of kilometers and are therefore tectonically and seismologically significant.
The greatest of these is a feature that we call the Equatorial B ifurcation (Figure 1 and Plate 1) . This forceps-shaped feature is present between the equator and about 1.8øN latitude. It is characterized by the bifurcation of the Sumatran fault toward the southeast into two principal active strands. All of these features are described in section 2.3.
Major Segments of the Sumatran Fault
Superimposed upon the broad sinusoidal geometry of the Sumarran fault are more than a dozen discontinuities, ranging in width from -5 to 12 km (Plate 1). Major local changes in strike also occur. Most of the discontinuities are right steps in the fault trace and tht•s represent dilatational step overs.
However, a few contractional bends also occur.
Theoretically, these discontinuities and bends in the fault are large enough to influence the seismic behavior of the fault [Harris et al., 1991; Harris and Day, 1993] . The relationship of historical ruptures to these geometrical segment boundaries will be the subject of a future paper (D. Natawidjaja and K. S ieh, manuscript in preparation,2000).
We have used these second-order geometric irregularities to divide the Sumarran fault into 19 segments ( Figure 4 and Table 1 ). Each segment bears the name of a major river or bay along the segment. In so naming the various segments, we have abandoned the usual practice of retaining names that have precedence in the scientific literature. The nomenclatural morass inherited I¾om numerous earlier studies includes many fault names derived from nearby cities, districts, basins, and rivers. These include Banda Aceh Anu, Lam Teuba Baro, Reuengeuet Blangkejeren, Kla-Alas, Ulu-Aer, Batang-Gadis, Kepahiang-Makakau, Ketahun, Muara Labuh, and Semangko [e.g., see Katili and Hehuwat, 1967; Cameron et al., 1983; Durham, 1940] . Since many of these overlap our geometric segment boundaries or include only parts of our segments, we have abandoned them in favor of a more systematic and precise nomenclature.
For the entire group of active fault segments, from Aceh in the north to the Sunda Strait in the south, we have chosen the name "Sumarran fault," first used by Katili and Hehun'at [1967] . This name represents best the dimension of the structure. Earlier names for the fault are "Semangko" and "Ulu-Aer," suggested by Van Bemmelen [1949] and Durham [1940] ; but these refer to local features. "Great Sumatran trough system" was first used by Westerveld [1953] . Since "gmat" is not used for other faults of similar dimension, we suggest that it not be used for the Sumarran fault. In keeping with convention generally accepted in California, where "San Andreas fault system" refers to the San Andreas and its many auxiliary faults, we use "Sumarran fault system" (SFS) for the Sumarran fault and other structures that are related to the accommodation of strike slip along the Sumatran plate margin. These would include the Batee fault, the Toru foldand-thrust belt, and the Mentawai and the West Andaman faults in the forearc region (Figure 1 ). For discrete, individual segments along the Sumatran fault, we suggest the particular names in Figure 4 . In sections 2.3.1-2.3.19, we describe each segment, beginning in the south. Each description focuses on the geomorphic expression of the segment and its terminations. Discussion of important historical earthquakes is minimal because the association of earthquakes with segments will be the focus of a future paper. Likewise, we do not focus on the slip rates of the various segments because this also will be the principal topic of a future paper.
Plate 1 displays the fault at a scale that is appropriate for the detailed discussion that follows. (This plate and it's database are also available as postscript and GIS (ArcView) files at www.scecdc.scec.org/geologic/sumatra).
2.3.1. Sunda segment (6.75øS to 5.9øS). Bathymetric maps of the Sunda Strait, between Java and Sumatra, reveal that the southernmost portion of the Sumarran fault is associated with two prominent south striking fault scarps on the seafloor [Nishimura et al., 1986; Zen et al., 1991; Pramumijoyo and Sebrier, 1991] . These scarps form a submarine graben, ranging in depth to 1800 below sea level ( Figure 5 ). The large vertical displacements of the seafloor and the orientation and location of the faults suggest that their sense of slip is normal and dextral. Focal mechanisms from a local seismic network [Harjono et al., 1991] and from the Harvard Centroid Moment Tensor (CMT) catalogue support this interpretation. They show normal-fault mechanisms on the western side of the graben. Furthermore, faults appear on both sides of the graben in three seismic reflection profiles [Lassal et al., 1989 ].
The graben widens southward, toward the subduction zone, but loses bathymetric expression ---130 km from the trench, near where one would expect it to intersect the floor of the Sumatran and Javan forearc basins ( Figure 5) . A belt of fault scarps and folds of the inner trench slope continues across the southward projection of the graben, but the outer-arc ridge and forearc basin that are prominent in the offshore of Sumatra and Java are absent in this region. Instead, these features appear to converge upon each other and to be replaced by a narrow, 150-km-long plateau across the projection of the graben. The lessening of sliver-plate width occasioned by the absence of the forearc basin and outer-arc ridge appears to be accommodated by a landward deflection of the trench axis (Figures 1 and 5) .
Huchon and Le Pichon [1984] were the first to propose that the disappearance of the outer-arc ridge and the forearc basin across the southern projection of the Sumarran fault indicates stretching parallel to the Sumatran fault. They also speculated that the subtle bending of the trench toward the , 1991 ], but we did not have adequate materials to determine its activity there. North of Lake Ranau, a 40-km-long reach of the fault traverses the headwaters of the Kumering River. The trunk stream of this large river does not cross the fault; instead, its two major tributaries flow toward one another across the trace of the fault and flow northeastward away from the fault from their confluence. This relationship of large stream channels to the fault is common along much of the Sumarran fault; not uncommonly, the headwaters of a principal stream are near the fault, and none of the larger channels of the drainage network cross the fault trace. In these cases, dextral offsets of the stream channels are either ambiguous or small. The northwesternmost 15 km of the Kumering segment deviates westward from the trend of the rest of the segment and is part of a 10-km-wide contractional jog. This portion of the segment displays a significant component of reverse slip, as evidenced by a high escarpment and a mountainous anticline north of the fault trace. Aerial photography available to us did not reveal the continuation of the fault trace northwest of 4.35øS, through the rest of the contractional bend.
High intensities indicate rupture of many tens of kilometers of the Kumering segment during the Ms 7.5 Liwa earthquake of June 24, 1933 [Berlage, 1934] . Deadly phreatic explosions occurred 2 weeks after the earthquake within the Suoh Valley [Stehn, 1934] .
A geomorphically less prominent subparallel strand of the fault exists 2.5 km to the southwest of the principal active trace south of Lake Ranau [Natawidjaja, 1994; Widiwijayanti et al., 1996] . The devastating Mw 6.8 Liwa earthquake of 1994 was generated by this less prominent trace. The most sev6re damage and the aftershock region coincided with a 25km reach of this secondary trace. 2.3.10. Sumani segment (1.0øS to 0.5øS). This 60-kinlong segment runs northwestward from the volcanic terrane of Lake Diatas to the southwestern flank of Lake Singkarak, which occupies a structural graben, rather than a volcanic caldera ( Figure 4 and Plate 1). Two opposing arcuate normal oblique faults form topographic scarps that rise 400 m above the surface of the lake (Plate 3). Ancient upland surfaces, with drainages flowing away from the lake, are clearly truncated by the steep scarps bounding the lake basin and thus appear to have been faulted down below the waters of the lake. Figure 4 and Plate !). We define the southern terminus to be at a regional bend of 15 ø at !.2øN. The topographic high east of the bend suggests that this is a contractional bend. The northwestern termination of the Tom segment occurs at a 15 ø regional bend in the fault, which is coincident with a 2.5km dilatational step over. We can be confident that this bend is dilatational because the segment to the northwest does not display net vertical deformation across the fault and the bend coincides with the Tamtung depression.
Manna segment (4.35øS to 3.8øS). This 85-km

Failure of the
Northwest of Sibual-buali volcano, a 30-kin-wide caldera
northeast of the fault is truncated by the fault. The other half of the caldera, southwest of the fault, must be concealed beneath young volcanic deposits. The geomorphic expression of the fault in the vicinity of the truncated caldera is unusually complex. Significant components of dip slip occur on faults that splay northward from the main trace into the caldera. The Tom segment has not produced a major historical earthquake, but right-lateral slip near the northern end of this segment did generate the Ms 6.4 Pahae Jahe earthquake of 1984. The Renun segment was the source of three major earthquakes early in the twentieth century. Accounts of these events are very sparse, however, and the limits of the rupture can only be guessed from poorly constrained isoseismal contours. Visser [1922] reports that shaking during the February 22, 19!6, earthquake was very strong in the Tamtung valley and that the radius of strong shaking was -200 km. The January 24, 1921, earthquake had a region of severe shaking similar to that of the earthquake of 1916. The radius of shaking for the earthquake of April !, 1921, was twice as large [Visser, 1922] Table 2 In addition, several smaller northwest striking reverse faults appear to break the anticline (Plate 1). The anticline also is cut by small north striking strike-slip faults. However, these faults are so small and closely spaced that they do not appear on Plate 1.
Renun segment (2.0øN to 3.55øN). This longest segment of the
Discussion, Interpretations, and Speculations
In this paper, we have defined the geometry and geomorphology of the Sumatran fault. There are now several questions that these refinements allow us to address. These include the implications of the fault's historic behavior and geometry for the evaluation of future seismic hazard and questions about the total' offset across the Sumatran fault and its role in oblique convergence during the past many millions of years. Other questions concern the geometric and kinematic relationship of the Sumatran fault to the neighboring subduction zone and the relationship of arc volcanism to strike-slip faulting. We address each of these four questions in turn, below.
Historical and Future Seismicity
In the preceding discussion, we have described very briefly what is known about large earthquakes along the Sumamn fault. Even these highly abbreviated accounts suggest that geometric segmentation influences seismic rupture of the fault appears to produce earthquakes with rupture lengths no greater than a hundred kilometers or so. We speculate that this contrast in behavior results from the contrast in continuity of the two fault systems: The San Andreas fault has only one step over discontinuity with a cross-strike width greater than a kilometer (near San Gorgonio Pass [Allen, !957]), whereas the Sumarran fault has at least 12. The San Andreas has only two large bends (near Monterey Bay and at Tejon Pass) [Jennings and Saucedo, 1994] , whereas the Sumatran fault has about eight.
A more precise and detailed evaluation of the relationship of these irregularities and their relationship to historical ruptures is warranted but is beyond the scope of this paper. We have begun a thorough analysis of the historical accounts and hope to interest a seismologist in studying instrumental records in order to assess more fully the role of geometric segmentation in controlling rupture parameters. (Table 2) . We have used three of these to determine the modem slip rate of the Sumatran fault, but full documentation of these rates is the subject of a manuscript in preparation.
As one would expect, highly dissected volcanic landforms are offset more than their younger neighbors are. The two offset streams cutting a dissected volcanic edifice at 4. 1 ø and 4.4øN (Plate 1) . Late Cenozoic folds at 5.25øN may also be offset-20 km. Furthermore, we speculate below that the Singkarak graben (at 0.6øS) has developed in response to 23 km of offset.
The two major offsets between 5 ø and 5.5øN provide the most compelling evidence from stream channels for large offset along the Sumatran fault (Figure 7) . The deeply incised trunk channels of both streams cross the fault at a high angle and have long, straight courses along the fault trace. The neighboring Woyla River drainage also appears to be offset -21 km, but this offset is less certain because the match across the fault is of trunk channel to tributary channels. The drainage divide between the Woyla and Geumpang Rivers also appears to be offset by ~20 km. Another large offset that we will consider in more detail is one we can infer from the geometry of the normal faults along the Singkarak graben at about 1.4øS. This is more speculative than the geomorphic offsets described above. In most cases, the length of a pull-apart graben along a strike-slip fault probably does not represent the total slip across the fault zone (for example, the 7-km-long step over mapped by Zachariasen and Sieh [1995] between two faults in California has only 300 m of total offset across it). The particular nature of the faults bounding the S ingkarak graben suggests that it may be an exception.
One
Although the dextral fault segments coming into the step over from the northwest and southeast are misaligned by only ~3.5 km, the normal faults bounding the lake are separated by as much as 7.5 km (Plates 1 and 3) . Because of their saladtong geometry, we surmise that the normal faults represent collapse of shallow crust into the expanding rectangular region that is being produced by dextral slip on the misaligned lateral faults.
The predominance of volcanic rocks of Plio-Pleistocene age on the flanks of the graben indicate that the graben is no more than a few million years old. Bellier and Sebrier [1994] proposed that the Singkarak basin is an extinct pull-apart graben, inactivated when the trace of the Sumatran fault cut across the lake. The very steep scarps and youthful topography associated with the graben-bounding normal faults strongly suggest, however, that accommodation space continues to be created by dextral slip on the en echelon Sumani and Sianok segments. Furthermore, the location of the 1943 rupture is inconsistent with a competing model for the evolution of the fault by Bellier and Sebrier [1994] .
We hypothesize that the normal faults should only be active adjacent to foundering crust within the accommodation space generated by dextral slip along the en echelon faults. A hypothetical evolution of these normal faults as the strike-slip displacement grew is depicted in Figure 8 . Therefore, we propose, that the total offset on these two misaligned strikeslip segments is -23 km, the length of the arcuate normal fault zones on either side of the lake. This is, of course, not the only plausible evolution for the Singkarak pull-apart graben, but it is one that is consistent with -20 km of total offset along the Sumatran fault. One could, for example, accept our inference that the lengths of the normal faults reflect the fault-parallel length of actively foundering crust but hypothesize that the length of the foundedng region has remained unchanged at --23 km since the faults initiated. This would imply that the length of the foundering region has no bearing on the amount of total offset. We favor our hypothesis because it is consistent with other evidence for---20 km of total offset.
Total offset.
Why are the largest geomorphic offsets no greater than ---20 km? Is it possible that these represent total strike-slip offset along the Sumatran fault? Or is there a limit to the size of geomorphic offsets related to the susceptibility of landforms to erosion and burial? We will give reasons below why 20 km might well be the total offset across the fault, but we will also show that a total offset as great as -,-100 km can not be ruled out at this time.
Indirect arguments for offset much greater than 20 km are as follows: One might expect that the great length of the Sumarran fault requires substantially greater total offsets than a couple tens of kilometers. It is certainly true that many very long strike-slip faults, such as the Alpine (New Zealand) and San Andreas ( They show three seismic reflection lines from a 80 x 50 km area in and on the flanks of the graben at the western entrance to the strait. They annotate these with five stratigraphic boundaries, whose geometry and ages they defend by reference to unpublished work. They claim (without discussion or argument) that an allegedly upper Miocene stratal package contains reef deposits (an indicator of shallow water). They assume an uppermost Miocene (5 Ma) age for the reefs and then use the depth of this packet of sediment to calculate the "stretching factor" since 5 Ma. This factor is described by Le Pichon and Sibuet [1981] , who apply a stretching model of McKenzie [1978] to passive continental margins. The use of this model seems wholly inappropriate to us since the parameters needed to calculate stretching are mostly unknown for the Sunda Strait. LassaI et al [1989] , conclude by asserting, without any discussion or calculation, that this stretching factor "probably explains the opening of the strait since 5 Ma ago, with a maximum displacement of 50 to 70 km along the central Sumatra fault." Their paper is, in fact, so sparse on data and documentation that its conclusions are left undefended.
We propose a simple measure of extension across the graben of the Sunda segment, which establishes a minimum mount of dextral slip on the Sumatran fault. If we assume that the faults bounding the graben dip 60 ø, we can calculate the horizontal extension across the faults in the direction of the Sumatran fault. We calculate a 6.5-km lower bound on extension of the graben parallel to the Sumatran fault if we assume that the 2-kin height of the scarp represents vertical throw across the faults. This assumption is manifestly an underestimate of total vertical throw, since hundreds of meters of deposits within the graben are clear on the seismic reflection cross sections. Thus 6.5 km is probably several kilometers less than the actual amount of extension across the Sunda graben. Several more kilometers of dextral slip could probably also be added to total slip along the Sumarran fault if the geometry and timing of faulting farther east within the strait and buffed beneath >2000 m of volcanic debris (summarized by Huchon and Le Pichon [1984] ) were known better. In summary, extension of the Sunda graben and filled graben farther east is consistent with dextral slip of the order of 10 km along the Sumatran fault. However, more detailed stratigraphic and structural data will be necessary to calculate extension across the graben more precisely.
Let us now attempt a quantitative analysis of stretching of the forearc region, to provide a maximum limit to dextral slip on the Sumatran fault during the past few million years. This analysis simply carries the geometrical observations of Huchon and Le Pichon [1984] to their logical conclusion. From simple volumetric balancing of the forearc wedge, we calculate ~!00 km of stretching of the forearc parallel to the Sumatran fault. discussed in section 2.3.1. (Figure 5) We begin with an estimate of the boundaries of the volume that has been stretched. The concavity of the deformation front and merging of the outer-arc ridge and forearc basin suggest that the current length of the deformed region, L, is ~356 km (Figure 9 ). Hypocentral depths on or near the subduction interface constrain the northeast dipping base of the deformed forearc wedge. The deformation front and the base of the continental slope define the seaward and landward boundaries of the deformed region.
As we
Using these boundaries, we calculate that the deformed crustal wedge has a volume V, of about 1.01 x 106 km 3. We a?,,.,,,y>•--.--•  .  -.---,,-,  (in meters) ,,r -.: about 1.5øN and 3øN, Between 1.5øN and 2øS, the outer-arc ridge, the homocline,  and the ancient deformation front and plateau are markedly  disarticulated. Karig et al. [!980 ] observed that the Pliocene homocline on the east side of Nias is dextral!y offset-100 km by two strands of the Batee fault. We infer from bathymetry that the strand of the Batee fault northwest of Nias offsets the ancient deformation front ~50 km, from northwest of Nias to a position west of Nias (Plate 1). Farther south on the inner trench slope, between Nias and Siberut Islands, the deformation front may be offset by about an additional 50 km along another north striking fault. The history depicted in Figure 10 is consistent with the timing of activity on faults both offshore and onshore Nias [Karig et al., 1980; Matson and Moore, 1992; Samuel and Harbury, 1996] . It also incorporates our observation that the Batee fault is not currently active along most of its exposed 
Dextral offset of the eastern edge of the forearc basin by
Tectonic Model of the Sumatran Plate Margin
Transtensional necking of the forearc region between lOS and 2øN during the past 4 Myr has had a profound effect on all of the major elements of the plate margin there. The inner trench slope, outer-arc ridge, and forearc basin have been fragmented by this process. Even the shapes of the subduction interface, the active volcanic arc, and the Sumatran fault appear to have been affected. In fact, we can divide the Sumatran plate boundary into three tectonic domains, based upon their relationship to this Plio-Pleistocene transtension (Plate 5). The southern domain, which we suggest has been part of the forearc sliver plate only for the past 2 Myr, is the most simple geometrically and stmcturally. The central domain, which comprises all the transtensionally fragmented pieces, is the most complex.
The southern domain has the following characteristics: ( We can test directly whether or not magmatism has influenced the location of the fault or, conversely, whether or not faulting has influenced the location of volcanism and magmatism. Plate 1 allows us to search for a relationship between the volcanic arc and the Sumatran fault, since it displays not only the most prominent traces of the Sumatran fault but also the youngest volcanoes. We mapped these volcanic features using the same sources we used to map the fault (Figure 2) . We limited our mapping to those features that have suffered minimal erosion, since highly eroded, older volcanic constructs are harder to recognize geomorphologically and mapping would have required a more substantial effort. The features we mapped exhibit very little erosional modification of their constructional landforms.
Many have been active historically. Those that have been dated radiometrically are typically <100,000 years old (e.g., Toba caldera, 73 ka [Chesner et al., !991], and Maninjou caldera, 60-90 ka [Nishimura, 1980] ). In addition to mapping 
It also does not appear that individual volcanic conduits have influenced the location of particular fault segments.
Only rarely do individual segments of the fault bisect volcanic centers or bend in their vicinity (counterexamples are Kaba and Dipatiampat). However, we would not expect such an association, since the volcanoes that we have mapped are far younger than the age of initiation of the mapped fault segments. We suspect that most of the uneroded edifices are less than 100,000 years old, whereas we have made a case that the fault planes we have mapped are probably -2 Myr old. If the locus of faulting were influenced by magmatic softening of the crust, the magmatic plumbing that led to the concentration of strains beneath the Sumatran fault would have formed long before the young volcanoes on Plate 1. To test the hypothesis that magmatic concentration of shear stresses led to the formation of the fault within the arc, one would need to map the Pliocene and early Pleistocene SIEH AND NATAWIDJAJA: SUMATRAN FAULT NEOTECTONICS 28,323 volcanic centers. We may attempt this at a future date, but it is beyond the scope of our current efforts.
Despite the lack of influence of active magmatism on tectonism, tectonism is influencing magmatism, but only to a minor extent. This conclusion contrasts with that of Bellier and Sebrier [1994] , who proposed that extensional pull aparts along the Sumatran fault have affected the location of the volcanoes. In fact, our map shows that only 9 of the 50 young volcanic vents shown on Plate 1 are located within 2 km of a mapped trace of the Sumatran fault (Figure 11) [Stehn, 1934] , most convincingly in association with tectonic activity. Bellier and Sebrier [1994] proposed that Toba and Ranau calderas also formed at extinct extensional step overs along the Sumatran fault zone, but these hypotheses are not well founded. They are based solely on the use of SPOT imagery to map more ancient fault strands in the vicinity of these two calderas.
Although linearions may exist along these alleged ancient faults, their documentation of the lineations is scant, and they present no geologic mapping to confirm their existence or to quantify the style, age, or amount of shear along them.
We suspect that the association of just 9 of the 50 young 
Relationship of the Sumatran Fault to the Subduction Zone
The general shape of the Sumatran fault mimics that of the deformation front offshore so faithfully that one wonders about a genetic relationship between the subduction interface and the strike-slip fault (Plate 5). North of the equator, both structures are concave toward the southwest. South of the equator, both are broadly concave toward the northeast.
Along the entire length of the Sumatran fault on land, its horizontal distance from the deformation front varies no more than ~10% from 290 km (Table 1 
and Plate 5).
A similar coincidence exists between the shape of the Sumatran fault and that of the subduction interface downdip from its trace. This is clear from Plates 1 and 5, which show  the 50-, 100-, and 200- Because of the well-behaved relationship of Sumatran fault to isobaths in the northern and southern domains, we propose that the Sumatran fault formed first in those two domains, as two separate structures. As displacement on the faults has grown, they have formed a linkage across the central domain and will one day become a single structure.
Summary, Conclusions, and Remaining Questions
We have used stereographic aerial photography and topography to map 1650 km of the Sumatran fault (Figures 2  and 3 ). The resulting map shows that the fault comprises numerous segments separated by dilatational and contractional step overs and abrupt changes in trend (Plate 1 and Figure 4) . This segmentation appears to have influenced the rupture dimensions of historical large earthquakes and limited their magnitudes to ~7.5.
The largest geomorphically evident offsets along the Sumatran fault are between 17 and 23 km (Plate 3, Figures 7, and 9 and Table 3 ). These are predominantly deeply incised fiver channels, but one apparent offset of a fold pair and the accumulated offset across a major step over also fall within this range. A lack of detailed and complete mapping along the fault precludes confident matching of geologic units across the fault, but rock offsets suggested by Katili and Hehuwat [1967] and Cameron et al. [1983] support the contention that the 20-km geomorphic offsets represent the total offset across the fault. The distention of forearc structures and the trench near the Sunda Strait suggests ~ 100 km of arc-parallel stretching of the forearc sliver plate since the early Pliocene (Figures 5 and 8) . We propose that 20 km of this was accommodated by dextral slip on the Sumatran fault and that the Mentawai fault, a long, linear structure within the forearc region, accommodated the remaining dextral slip.
Our synthesis of data from the Sumatran fault, the volcanic arc, and the forearc region shows that the Sumarran forearc sliver plate consists of three tectonic domains with very distinct tectonic histories (Plate 5). The southern domain (from 7øS to 1 øS) is the simplest and may have been accreted to the forearc sliver plate only about 2 Myr ago by the creation of the Sumatran and Mentawai faults. The northern domain (north of 2øN) is more complex, and its northern part has been experiencing arc-parallel translation for at least the past 10 Myr. The central domain is the most complex of the three and has been a region of transtension between the northern and southern domains since at least 4 Myr ago. 
Geodetic measurements suggest that slip across the
